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Nothing contained in any API publication is to be construed as granting any right, by 
implication or otherwise, for the manufacture, sale, or use in connection with any method, 
apparatus, or product covered by letters patent, nor as insuring anyone against liability 
for infringement of letters patent. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with API 
publications, The Institute hereby expressly disclaims any liability or responsibility for 
loss or damage resulting from their use; for the violation of any federal, state, or municipal 
regulation with which an API publication may conflict; or for the infringement of any 
patent resulting from the use of an API publication. 
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FOREWORD 


This publication provides a guide to equipment and procedures for determining 
temperatures for custody transfer of liquid hydrocarbons under static conditions. 

A comprehensive API Manual of Petroleum Measurement Standards is in preparation. 
The manual covers all subject matter in API measurement publications—excluding evapora- 
tion loss measurement—as well as new material. 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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Chapter 3—Temperature Determination 


SECTION 3—STATIC TEMPERATURE DETERMINATION 
USING PORTABLE ELECTRONIC THERMOMETERS 


Introduction 


7.3.0 


Temperatures of static petroleum liquids can be determined 
by measuring the temperature of the liquid at specific loca- 
tions in storage tanks, field gathering tanks, ships, barges, 
and tank cars. Three methods are available for determining 
average tank temperatures for custody transfer. 


1. Fixed electronic temperature sensors. 
2. Portable electronic thermometers. 
3. Glass stem thermometers. 


This chapter describes the proper use of portable electronic 
thermometers. Thermometers used for custody transfer shall 
be calibrated against a reference standard (see 7.3.5). 


7.3.1 Scope and Field of Application 


This chapter describes equipment and procedures for deter- 
mining temperatures of liquid hydrocarbons under static con- 
ditions in storage tanks, field gathering tanks, ships, barges, 
and tank cars, using portable electronic thermometers. The 
procedures described are suitable for custody transfer of 
liquid hydrocarbons. 

This chapter also covers blanketed tanks and tanks that 
have been made inert and are under pressures of less than 
3 pounds per square inch gage (21 kilopascals). It does not 
cover hydrocarbons under pressures in excess of 3 pounds 
per square inch gage or cryogenic temperature measurement. 


7.3.2 Referenced Publications 
The following publications are referenced in this chapter. 
API 


Manual of Petroleum Measurement Standards, Chapter 3, 


“Tank Gaging’’ (in preparation) 


NOTE: Standard 2545, Method of Gaging Petroleum and Petroleum Prod- 
ucts, currently covers the subject of tank gaging. 


OCIMF! 
International Safety Guide for Oil Tankers and Terminals 


‘Oil Companies International Marine Forum, 6th Floor, Portland House, 
Stag Place, London SW1E SBH. 
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7.3.3 Equipment 
7.3.3.1 GENERAL 


Portable electronic thermometers used for custody transfer 
shall meet the accuracy requirements of Table 1 and shall 
come to equilibrium within the immersion time requirements 
of Table 2. 


7.3.3.2 CONSTRUCTION 


The temperature probe or sensor head contains the 
temperature sensing element, which is electrically connected 
to electronic circuits contained in the readout device. Ad- 
justments should be provided for span and zero so that the 
thermometer can be calibrated to meet the specified accuracy 
(see Table 1). These adjustments should not be accessible 
from outside the thermometer case. Calibration of the equip- 
ment shall be performed only by trained personnel in a loca- 
tion with proper calibration equipment. By mutual agree- 
ment, the user may provide paper seals (or similar devices) 
to indicate that the calibration adjustments have not been 
tampered with. Each unit shall include a fest system or 
switches to indicate low battery voltage. Each unit shall in- 
clude provision for attaching an earth ground cable. 

All units, including the probe and the cable, must be cer- 
tified by a suitable agency as safe for electrical equipment 
to be used in flammable atmospheres and with liquids that 


* can accumulate static charges. The display should be capable 


of being read to the nearest 0.1°F or °C. 


Table 1—Portable Electronic Thermometer 
Specifications 


Minimum Range of 
Graduation Accuracy Required Accuracy 
0.1°F +0.5°F 0~200°F 
+0.6°F >200°F 
0.1°C +0.2°C ~— 0-100°C 
£0.4°C > 100°C 
NOTES: 


1. The specifications in this table represent minimum acceptable accuracy 
for portable electronic thermometers used for custody transfer. Thermometers 
with better accuracy are available and may be specified by mutual agreement. 
2. The portable electronic thermometer shall maintain the specified accuracy 
and its display shall be readable over the ambient temperature range ex- 
pected at the location of use. 
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Table 2—Typical Minimum Immersion Times Required @ 
to Reach Reading Stability 


The thermometer may be considered to have reached stability if, with a 
moving probe, the readout varies by no more than 0.2°F (0.1 °C) for 30 


\ TEMPERATURE OF 


STATIONARY PROBE seconds. Typical immersion times to reach stability are shown in the table. 

§ Electronic Thermometer 
é API Gravity In Motion (Note 1) Stationary 
# <20° API 75 seconds 30 minutes 
20-40° API 45 seconds 30 minutes 
>40° API 30 seconds 5 minutes 

NOTES: 
1. Motion consists of raising and lowering the thermometer probe 1 foot 
TIME. MINUTES (0.3 meter) above and below the desired depth. 
: : 2 2. Figures 1 through 4 show typical response time for portable electronic 
Figure 1—-Typical Response Time for Portable thermometers. 


Electronic Thermometers in Gasoline 


TEMPERATURE OF MOVING 


TEMPERATURE, °F 


TIME, MINUTES 


Figure 2—Typical Response Time for Portable Electronic Thermometers in Light Crude Oil 
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TANK TEMPERATURE 


TEMPERATURE OF 
MOVING PROBE 


STATIONARY PROBE 


TEMPERATURE, °F 


TIME, MINUTES 


Figure 3—Typical Response Time for Portable Electronic Thermometers in Heavy Crude Oil 


@ TEMPERATURE OF MOVING PROBE 


TEMPERATURE, °F 


BATH TEMPERATURE 


TEMPERATURE OF 
STATIONARY PROBE 


@ TIME, MINUTES 


Figure 4—Typical Response Time for Portable Electronic Thermometers in Water 
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7.3.4 Procedures 
7.3.4.1 GENERAL CONSIDERATIONS 
7.3.4.1.1 Timing 


Temperatures shall be measured immediately before or 
after the liquid level is measured. 


7.3.4.1.2 Reading and Reporting Temperatures or 
Average Temperatures 


All temperatures should be read and recorded to the nearest 
0.1 °F or °C. This is the least significant digit provided by 
portable electronic thermometers that are currently available. 
The temperature (or the average of multiple temperatures) 
shall be reported to the nearest 1 °F or 0.5°C. Temperatures 
may be reported in units less than whole degrees by mutual 
agreement, provided that this does not conflict with legal 
requirements. 


7.3.4.1.3 Handling Requirements 


Portable electronic thermometers are precise measurement 
instruments. They should be transported and used carefully. 


7.3.4.1.4 Safety Precautions 


When loading oils that can accumulate static charges, refer 
to the precautions described in the International Safety Guide 
for Oil Tankers and Terminals and in MPMS, Chapter 3 (cur- 
rently Standard 2545), 


7.3.4.2 PORTABLE ELECTRONIC 
THERMOMETER PROCEDURES 


The following procedure is recommended for measuring 
temperatures with a portable electronic thermometer: 


1. Attach an electrical ground between the thermometer and 
the tank before opening the hatch. Check that the ground 
is securely attached to the thermometer. 

2. Verify the condition of the battery before and after cach 
use. 

3. Set the temperature range selector as appropriate. 

4. Lower the sensing probe to the predetermined level (see 
7.3.4.4). 

5. Raise and lower the probe | foot (0.3 meter) above and 
below the predetermined level to allow rapid stabilization. 
(Sce 7.3.4.3 for immersion requirements.) 

6. After the temperature has stabilized, read and record the 
temperature. 

7, Repeat steps 4, 5, and 6 at different levels if multiple 
temperatures are required (see 7.3.4.4), 

8. Determine the average temperature. 

9. Round off the average temperature and report the 
temperature to the nearest 1 °F or 0.5°C. (Round 0.5 °F up.) 


Copyright por American Petroleum Institute 
Fri Oct 08 16:04:40 2004 


10. After use in heavy oils, clean all the parts of the ther- 
mometer assembly with a suitable solvent and dry it with 
a cloth to prevent the formation of an insulating film. 


7.3.4.3 IMMERSION 


Thermometers must be stabilized at the liquid temperature 
before they are read. To reach stability quickly, all 
measurements should be accomplished by continuously rais- 
ing and lowering the probe approximately 1 foot (0.3 meter) 
above arid below the desired temperature measurement depth. 
Failure to induce movement will substantially increase the 
required immersion times shown in Table 2. Most currently 
available electronic thermometers have a bob weight with 
a high thermal capacity located above the probe. The bob 
weight is often at a lower temperature than the oil. If the 
probe is allowed to remain stationary, contact with a con- 
vection current of colder oil will cause low readings. 
However, with a moving probe, the thermometer may be 
considered to have reached stability if the readout varies by 
not more than 0.2°F (0.1°C) for 30 seconds. 


7.3.4.4 STORAGE TANK TEMPERATURE 
PROCEDURES 


Liquid temperatures in a storage tank often vary 
significantly with depth. When large temperature differen- 
tials (greater than 5°F or 3°C) are known to exist or when 
custody transfer measurements are being performed, 
temperatures at multiple levels are required to calculate an 
average temperature, The temperatures in the centers of the 
top third, the middle third, and the bottom third of the liquid 
height should be measured whenever the liquid level is more 
than 10 feet. 

By mutual agreement, more than three temperatures may 
be taken to calculate an average temperature. For liquid levels 
less than 10 feet or for tanks of less than 5000 barrels, a 
single measurement at the middle of the liquid will suffice. 


7.3.4.5 MARINE TEMPERATURE PROCEDURES 


For custody transfer or for checking shore-based custody 
transfer measurements, temperatures should be taken in all 
tanks or compartments as described in 7.3.4.1 through 
7.3.4.4, 

Upper, middle, and lower temperatures should be taken. 
By mutual agreement, more than three temperatures may be 
taken to calculate an average temperature. For barge com- 
partments of less than 5000 barrels, a single temperature 
measurement at the middle of the liquid will suffice. 

During the loaded voyage, the marine cargo temperature 
may change. This may result in nonuniform temperature at 
discharge, which increases the difficulty of determining the 
average cargo temperature. Nevertheless, the use of the 
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average of upper, middle, and lower temperatures calculated 
for each tank is the most practical procedure currently 
available. The total ship volume should be corrected to the 
standard temperature on a tank-by-tank basis, using the 
average temperature determined for each tank. 

If there is insufficient on-board quantity (OBQ) or 
remaining-on-board (ROB) to permit temperature measure- 
ment, the material may be assumed to be at standard 
temperature. The temperature of any substantial quantity of 
OBQ or ROB (for example slops) should be taken at the mid- 
level of the oil or oily layer, 


7.3.4.6 TANK CAR TEMPERATURE PROCEDURES 


Temperatures should be taken on every tank car at the mid- 
dle of the liquid. However, by mutual agreement, when 
loading multiple tank cars with nonheated oil from one 
source, temperatures may be determined on the contents of 
at least 10 percent (a minimum of three tank cars) of the 
number of cars, selected at random. This assumes that all 
of the tank cars are of the same nominal size and that all 
of them are insulated or uninsulated. When a car is to be 
heated to facilitate discharge in cold weather, the temperature 
of the contents of each car should be taken at the same time 
the car is gaged. 


7.3.5 Calibration, Verification, and 
Inspection 


7.3.5.1 INITIAL CALIBRATION 


Before initial use, and at least once a year thereafter, each 
portable electronic thermometer shall be restandardized in 
a laboratory or other qualified calibration facility. The ther- 
mometer shall be restandardized by comparing it at three or 
more temperatures with either a National Bureau of Stan- 
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dards (NBS) certified thermometer or an equivalent ther- 
mometer with accuracy traceable to the NBS in accordance 
with the manufacturer’s instructions. These standardization 
checks will ensure that accuracy is maintained within the 
limits given in Table 1. 


7.3.5.2 FIELD VERIFICATION 


Before each use, or once per day (whichever is less fre- 
quent), portable electronic thermometers should be spot 
checked by comparing the ambient reading against an ASTM 
glass stem thermometer in liquid. If the readings differ by 
more than 1°F (or 0.5°C), the portable electronic ther- 
mometer should be restandardized before it is used for 
custody transfer. 


7.3.5.3 MONTHLY VERIFICATION AND 
INSPECTION 


On a monthly schedule, the portable electronic ther- 
mometer should be checked at two or more temperatures near 
the ends of its range against an NBS certified thermometer 
or an equivalent thermometer with accuracy traceable to the 
NBS. Make this check by placing the two thermometers side- 
by-side in a circulating bath and leaving then undisturbed 
for at least 10 minutes before making comparative readings. 
Alternatively, the ice point and boiling point of fresh water 
may be used for the accuracy check. The boiling point of 
fresh water must be corrected for altitude. If the thermometer 
readings differ by more than the tolerances listed in Table 
1, the thermometer should be restandardized (see 7.3.5.1). 

In addition the following physical checks should be made: 


1. The junction between the cable and the probe should be 
checked for mechanical damage. 

2. The cable insulation should be checked for cuts, breaks, 
or abrasion. 
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